Background and purpose -During the last decades, treatment of distal radius fractures (DRFs) has changed, with surgical intervention being more common and with new techniques. We investigated whether this change has infl uenced the subjective outcome. Here we report, year by year, the 1-year score after a DRF over a 10-year-period, using a patient-reported outcome measure.
■
The distal radius fracture (DRF) is the most common fracture in adults, representing one-sixth of all fractures in the emergency room (Court-Brown and Caesar 2006) . The annual incidence in Sweden in recent years was calculated to be 25-28 fractures per 10,000 person-years (Brogren et al. 2007 , Mellstrand-Navarro et al. 2014 .
During the last decades, the treatment of DRFs has changed, with increasingly more surgery (Chung et al. 2009 , Mattila et al. 2011 . In Sweden, the rate of surgical treatment increased from 16% of fractures in 2005 to 20% in 2010 (MellstrandNavarro et al. 2014) . New methods of surgical intervention have been introduced, and the volar locking plate has replaced external fi xators (Mellstrand-Navarro et al. 2014) . No solid evidence of improved outcome has supported this shift, but recent meta-analyses have found a tendency regarding better outcome with newer implants (Cui et al. 2011 , Wei et al. 2012 , Esposito et al. 2013 , Xie et al. 2013 , Wang et al. 2013 , Walenkamp et al. 2013 , Li-hai et al. 2015 . No longitudinal registry studies have evaluated the subjective outcome of DRF during this change of practice. In this study, using the 1-year Disabilities of the Arm, Shoulder, and Hand (DASH) score after DRF, we attempted to determine whether the shift in surgical techniques changed the outcome for DRF patients over a 10-year period.
Patients and methods
The Lund wrist fracture register At the start of the study in 2003, the Department of Orthopedics, Skåne University Hospital, Lund had a primary catchment area of 227,182 inhabitants aged 18 years or more, which increased to 255,621 in 2012 (Statistical Database, Statistics Sweden) . During this time, approximately 450 adult patients were treated for DRF annually (hospital reimbursement data). In 2001, a wrist fracture register was initiated to evaluate the subjective outcome of the treatment in a larger cohort, as a complement to smaller-sized, randomized studies (Kopylov et al. 1999 , Abramo et al. 2009 , Landgren et al. 2017 ). On a weekly basis, a secretary scrutinized the medical records from the emergency department for wrist fractures. The DRF patients were prospectively and consecutively included in the register, and a patient-reported outcome measure (DASH) was distributed and collected 3 and 12 months after the fracture by regular mail. Patients included in 2 published randomized studies (Abramo et al. 2009 , Landgren et al. 2017 were not excluded. Non-responders received a reminder 2 weeks later. Results from the fi rst 2 years (September 2001 through August 2003) have been reported previously (Abramo et al. 2008a ).
Treatment protocol
Non-displaced fractures were treated in a forearm cast for 4-5 weeks; displaced fractures were reduced and cast. If impossible to reduce primarily, or if secondary loss of reduction occurred at the 7-to 10-day follow-up, surgical treatment was recommended (Abramo et al. 2008a ). The type of surgical treatment changed over the study period. At the start, primarily bridging external fi xators were used for dorsally displaced fractures and a volar non-locking plate was used for volarly displaced fractures. The fragment-specifi c wrist fi xation system (Konrath and Bahler 2002) was introduced at our institution in 1996. It was used routinely from 2001, and was compared with the external fi xator in a randomized study on 50 patients between May 2002 and December 2005 (Abramo et al. 2009 ). The fragment-specifi c wrist system gave better forearm rotation and grip strength at 12 months after surgery and replaced the external fi xator. The volar locking plate was introduced at our institution in 2004, and has been in routine use since 2006. A second randomized study on 50 patients between December 2010 and December 2012 compared the fragment-specifi c system with the volar plate system (Landgren et al. 2017) . Both implants had good and similar clinical outcomes, but the fragment-specifi c fi xation had a higher complication rate. During the entire period, a group of 4 dedicated hand surgeons with both orthopedic and hand surgery training performed the majority of the DRF operations (62%).
The current report
Here we report registry data from a 10-year period (January 2003 to December 2012). All medical records were analyzed retrospectively to verify the diagnosis, the type of treatment, and the classifi cation according to the International Classifi cation of Diseases (ICD) 10 system for distal radius fractures (S52.50, S52.51, S52.60, and S52.61). The surgically treated patients were also analyzed retrospectively for AO fracture type, high-or low-energy injury, and time from fracture to surgery. Of 3,855 patients in total (Figure 1 ), 44 had a new DRF during the 10-year period and were excluded. 105 patients were excluded for incorrect coding with distortions, fractures, or dislocations of other parts of the arm. Patients with persistent pain from older fractures (n = 5), those operated at other hospitals (n = 10), and those incorrectly registered twice (n = 25) were excluded. Thus, 3,666 patients with a DRF were included in the register during the 10-year period.
Outcome questionnaire
The DASH questionnaire is a patient-reported outcome measure, which has been validated in Swedish (Atroshi et al. 2000) . The DASH evaluates disability and symptoms of the upper extremity. The original DASH questionnaire has a 30-item scale evaluating function, pain, and symptoms of the upper extremity during the preceding week. A fi nal score is calculated, ranging from 0 (meaning no disability) to 100 (most severe disability). In 2005, a short version-the Quick-DASH with only 11 questions-was developed (Beaton et al. 2005) , translated to Swedish, validated, and correlated to the DASH (Gummesson et al. 2006) . At our center, the Quick-DASH replaced the original DASH questionnaire from February 2008, and a strong correlation was found between the full 30-question version and the shorter 11-question version (r s = 0.97; p < 0.001) (Abramo et al. 2008a ).
Radiography
In surgically treated patients, the DRF was assessed on postero-anterior and lateral radiographs taken at presentation, and classifi ed as A, B, or C according to the AO classifi cation (Müller et al. 1990 ) by 1 of 2 of the authors (ML or MG). Radiographs from 100 patients were scored by both observers to assess inter-observer reliability. Statistics DASH outcome data are ordinal with a skewed distribution, so non-parametric tests were used with median and interquartile range (IQR) to report the central tendency and variation. In the tables, mean and 95% confi dence interval (CI) are presented to enable comparisons with previously published studies. For between-group comparisons, the Wilcoxon rank-sum test was used, and for multiple group comparisons the Kruskal-Wallis test was used. The chi-square test was used for group comparisons of responders and non-responders. A 2-sided p-value < 0.05 was considered to be statistically signifi cant. Cutoff values for the DASH score were arbitrarily set and the patients were divided into 3 groups to refl ect the severity of residual symptoms: minor (0-10), moderate (11-35), and major (36-100). Inter-observer reliability of AO type classifi cation was assessed with Cohen's kappa (unweighted). Spearman's rank-order correlation was used to determine the relationship between age and DASH score.
Ethics
The regional ethics committee approved the study (ETIK 2009/318) , and waived the need for informed consent. Median DASH score at 1 year was 9 (IQR: 2-25) for the whole cohort; women had a higher (worse) median DASH score than men (11 and 5, respectively; p < 0.001) ( Table 1) . A weak correlation was found between age at fracture and the 1-year DASH score (rs = 0.24; p < 0.001). 1,248 older patients, 65-98 years old, had a higher median DASH score of 14, as compared to 7 in 1,323 patients aged 18-64 years (p < 0.001) ( Table 1) . Non-surgically and surgically treated patients had similar median DASH scores (9, IQR: 2-27 and 3-25, respectively) ( Table 1) . No change in the 1-year DASH score was seen during the study period, in either the non-surgically treated patients (p = 0.8) or the surgically treated patients (p = 0.1). Patients operated with a volar locking plate had a better median DASH score (8, IQR: 2-20) than those with fragmentspecifi c fi xation or external fi xator (12, IQR: 5-27; and 13, IQR: 3-30; p < 0.004) ( Table 2 ). In the surgically treated group, a higher median DASH score was found for patients with AO type C fractures (n = 188) (11, IQR: 4-27) than for those with AO type B (n = 36) (5, IQR: 0-13) or AO type A (n = 405) (7, IQR: 2-18) (p < 0.001). A subgroup with substantially worse outcome was found post-hoc in 48 patients operated for distal radius-ulna fractures (20, IQR: 5-40) than for 585 patients who were operated for an isolated DRF (9, IQR: 2-25; p = 0.005). Similarly, 39 patients treated non-surgically for a distal radius-ulna fracture had worse outcome (25, IQR: 9-43) than 1,899 patients treated non-surgically for an isolated DRF (9, IQR 2-25; p = 0.003). Median DASH was similar for high-energy fractures (n = 471) (9, IQR: 3-23) and low-energy fractures (n = 135) (9, IQR: 2-25; p = 0.9). The 1-year DASH score was similar whether patients were operated < 7 days after the injury (n = 350) (9, IQR: 3-23) or ≥ 7 days after the injury (n = 283) (11, IQR: 2-25; p = 0.3). 500 of the 805 surgically treated patients (62%) were operated by the dedicated group of 4 hand surgeons. Of the 633 patients who responded to the 1-year DASH questionnaire, the median DASH score was 8 (IQR: 2-23) for the 403 patients who were operated by the 4 hand surgeons, 13 (IQR: 5-34) for the 164 patients who were operated by 25 general orthopedic surgeons, and 13 (IQR: 3-32) for the 66 patients who were operated by 17 orthopedic residents (p = 0.007).
Funding and potential confl icts of interests
1,338 of 2,571 non-surgically treated patients (52%) had no or minor residual symptoms (DASH 0-10), 788 (31%) had moderate residual symptoms , and 445 (17%) had major disabilities (DASH 36-100). Similarly, 334 of 633 surgically treated patients (53%) had no or minor residual symptoms, 194 (30%) had moderate residual symptoms, and 105 (17%) had major disabilities.
Analysis of non-responders 1,095 patients (30%) did not return-or failed to correctly fi ll out-the DASH questionnaire 1 year after fracture. When the patients were divided into 3 age groups (< 40, 40-80, and > 80 years) (Table 3) , a higher proportion of non-responders was found in the younger age group (44%) and the older age group (47%) than in the middle-aged group (23%). The male cohort had more non-responders (38%) than the female cohort (28%), and the non-surgically treated cohort had more nonresponders (32%) than the surgically treated cohort (21%). Similar response rates were found in the surgically treated patients regarding AO type, but there was a higher proportion of non-responders in patients with high-energy fractures (29%) than in patients with low-energy fractures (19%).
Discussion
A low DASH score, equivalent to a limited degree of pain and disability, is the goal for the cohort as well as for the individual. We found a median DASH score of 9 (IQR: 2-25) (mean 17 (SD 20)) as an endpoint 1 year after a DRF in 2,571 patients. In the fi rst report of the presently used hospital-based DRF register (Abramo et al. 2008a) , the median DASH score in 360 patients 1 year after fracture was 7.5 (IQR: 1.7-25) (mean 16), which was compared with a median DASH score of 2.5 (IQR: 0-9.2) (mean 8) in an unfractured age-and sexmatched reference group of 71 healthy individuals (Abramo et al. 2008a) . In a US general population, the DASH score in 1,706 patients > 18 years of age was median 4 (IQR: 1-13) and mean 10 (SD 15) (Hunsaker et al. 2002) . A score between 0 and 10 can be considered to be a very good result, and means a return to pre-fracture function. In the present study, half of the patients had DASH scores between 0 and 10.
A full return to pre-fracture function within the fi rst year after fracture is unlikely in every patient, regardless of treatment. Thus, thresholds for acceptable or unacceptable fi nal subjective results are of value when evaluating a cohort. The initiator of the DASH score suggested rough cutoff values (DASH/QuickDASH e-Bulletin, Summer 2013). DASH scores of between 10 and 29 were described as patients being aware of their limitations but not considering them to be a problem, and patients with a DASH score ranging from 40 to 69 were patients experiencing much diffi culty. We used cutoff values for DASH with a score of 0-10 representing minor disability, 11-35 moderate disability, and 36-100 major disability. The cutoff value for the major disability level was based on 2 previous studies of radius osteotomies due to malunion after a fracture. Patients scheduled for radial osteotomy due to malunion had median preoperative DASH scores of 39 (range: 2-63) (Abramo et al. 2008b ) and 35 (range: 22-61) (Abramo et al. 2010) , suggesting that a level of > 35 indicated substantial problems. So, even though a full return to pre-fracture function cannot be achieved in all patients, a reasonable goal would be to prevent major disability. We found 17% in the major disability group after 1 year. Similarly, in a Canadian DRF cohort study, 21% had moderate to severe disability when evaluated with the patient-reported wrist evaluation (PRWE) (MacDermid et al. 2003) . The outcome of a DRF may not be as benign and foreseeable as is usually believed.
To our knowledge, this is the largest and longest prospective register study to analyze the subjective outcome in patients with DRF. The results show a radical shift in the choice of surgical methods at our department, from external fi xation to internal fi xation (Figure 2) , which is similar to trends reported for Sweden (Mellstrand-Navarro et al. 2014 ) and internationally (Mattila et al. 2011 ). There was, however, no trend regarding an increased proportion of surgical treatment (Figures 3  and 4) . No improvement in the median DASH score over the years was apparent, both for the whole group of patients (which was perhaps to be expected, with only one-fi fth being operated) and for the operated cohort. There may be several explanations for the more advanced surgical techniques not improving the DASH score. Firstly, DASH was originally designed to evaluate effects over time, as after a fracture or an operation (Kennedy 2011) . DASH was not intended for analysis of small differences between 2 types of treatment, and may simply be too blunt. Secondly, most DRF patients achieved good DASH scores at year, many even approaching the DASH score of an unfractured population (Abramo et al. 2008a ). In our study, half had DASH scores ≤ 10, i.e. scores equivalent to the median value of the unfractured population (Hunsaker et al. 2002) . Thirdly, by reporting the median value, which we consider correct for skewed and noncontinuous scale data such as DASH, an improvement may be diffi cult to detect. Substantial improvements are necessary to lower the median value of the outcome after DRF when it approaches the median value in the population. By reporting the mean value of the population, which is less correct statistically (but common in previous studies), things are different. The addition of just a few patients with very high scores infl uences the mean value dramatically, unlike the median value. Finally, the choice of implant may be of minor importance for the outcome of a DRF, at least at the group level.
Limitations
As in any registry, the response rate is critical, and a higher rate would be desirable. With no upper age limit in our register, it is probably diffi cult to achieve a better response rate. Over a 10-year period, changes in hospital organization and staff may alter the conditions for a register-based study. No analysis was done of why the non-responding patients did not return the questionnaire.
In summary, there was no trend in the whole cohort of the median DASH values improving over time, or in the proportion of patients with high DASH scores decreasing during the study period. Despite a change in implants for DRF over the 10-year period, no improvement in median DASH score at 1 year after surgery was found. We believe that DASH is not the best tool to evaluate a change between groups in treatment over a number of years, but rather it is a tool to identify patients with suboptimal outcome. We have previously used grip strength in our randomized studies for betweentreatment group evaluations (Kopylov et al. 1999 , Abramo et al. 2009 , Landgren et al. 2017 ) and believe that patientreported outcome scores such as DASH may be less sensitive than when using objective outcomes. Perhaps the goal of an improved treatment should be to minimize the proportion of patients with very high DASH scores rather than to try to lower the median value for the whole cohort? Future studies are necessary to defi ne the group with a high DASH score, which constituted one-sixth of the patients in our study. The causes of the high values are probably multifaceted and consist of a mixture of the following: surgical shortcomings leading to malunion, ulnar ligament injury with DRUJ instability, patients missed in the rehabilitation chain, and patients with musculoskeletal pain already at the time of the fracture. It would be preferable if interventions could be initiated to treat or prevent these conditions early after fracture, before they become manifest. 
